There exists an urgent need to develop licensed drugs and vaccines for the treatment or prevention of filovirus infections. FGI-103 is a low-molecular-weight compound that was discovered through an in vitro screening assay utilizing a variant of Zaire ebolavirus (ZEBOV) that expresses green fluorescent protein. In vitro analyses demonstrated that FGI-103 also exhibits antiviral activity against wild-type ZEBOV and Sudan ebolavirus, as well as Marburgvirus (MARV) strains Ci67 and Ravn. In vivo administration of FGI-103 as a single intraperitoneal dose of 10 mg/kg delivered 24 h after infection is sufficient to completely protect mice against a lethal challenge with a mouse-adapted strain of either ZEBOV or MARV-Ravn. In a murine model of ZEBOV infection, delivery of FGI-103 reduces viremia and the viral burden in kidney, liver, and spleen tissues and is associated with subdued and delayed proinflammatory cytokine responses and tissue pathology. Taken together, these results identify a promising antiviral therapeutic candidate for the treatment of filovirus infections.
Members of the genera Ebolavirus (EBOV) and Marburgvirus (MARV) make up the family Filoviridae and are causative agents responsible for severe hemorrhagic fever. Currently, five EBOV species are recognized: Zaire ebolavirus (ZEBOV), Sudan ebolavirus (SEBOV), Côte d'Ivoire ebolavirus, Reston ebolavirus, and "Bundibugyo ebolavirus." ZEBOV and SEBOV are the etiologic agents responsible for outbreaks of Ebola hemorrhagic fever (EHF) that impact humans and nonhuman primates in regions of endemicity in sub-Saharan Africa (13) . In humans, case fatality rates range from 50 to 90% for ZEBOV, which is considered the most virulent of EBOV species (13) . A single species of MARV (Lake Victoria marburgvirus) causes Marburg hemorrhagic fever (MHF) among humans and nonhuman primates. Case fatality rates of up to 90% have been reported for outbreaks (6, 13) . Isolated cases of MHF and EHF have occurred as a result of laboratory work involving nonhuman primate species imported from regions of endemicity, through accidental needle stick injuries of laboratory workers (12) , and through travel by individuals unknowingly exposed in regions of endemicity (20) . Currently, there are no therapies or preventative vaccines licensed for use to treat filovirus infections.
Targeting host processes provides a promising approach for antiviral therapeutic development efforts to combat filoviruses. Both EBOV and MARV encode a limited number of viral products and rely on numerous host processes in order to successfully enter cells, replicate genomic material, assemble infectious virions, and ultimately exit from infected cells. By targeting host processes many different viral pathogens utilize during infection, potential opportunities arise to develop agents with broad-spectrum antiviral activity (7, 19) . Another potential advantage to this approach is that by targeting host processes, it will likely prove difficult for viruses to switch to alternative pathways by tolerable individual-base mutations, thus limiting the potential amplification of drug-resistant variants.
Here we report on the identification of a nonpeptidic small molecule, designated FGI-103, discovered via a high-throughput screen designed to detect inhibitors of EBOV. Further evaluations have shown FGI-103 to exhibit potent antiviral activity against all of the strains of EBOV and MARV tested thus far. Additionally, we describe results from in vivo investigations demonstrating that a single dose of FGI-103 protects mice against lethal challenges with either MARV or EBOV in a therapeutic scenario.
MATERIALS AND METHODS

Compound libraries.
Multiple compound libraries were obtained from the National Cancer Institute (NCI, Frederick, MD). Compounds in these libraries shared chemical scaffolds composed of one or two heterocyclic aromatic structures (i.e., indole, benzofuran, benzimidazole, or benzothiophene) connected via an aliphatic linker or directly to a phenyl substituent and possessing two positiveionizable amidine or imidazolino moieties. The antiviral activity of FGI-103 ( EBOV screening assay. Vero E6 cells were plated in 96-well tissue culture plates and grown to confluence. Prior to viral infection, cells were pretreated overnight with compounds diluted from 10 mM dimethyl sulfoxide (DMSO) stocks to a concentration of 20 M in 100 l of Eagle's minimum essential medium (EMEM) containing 10% fetal bovine serum (FBS). Cells were infected at a multiplicity of infection (MOI) of 1 with a strain of EBOV-Zaire (ZEBOV) that expresses green fluorescent protein (GFP) (ZEBOV-GFP) (21) . Virus was added to cells in 100 l of EMEM containing 10% FBS. After 1 h, excess virus was removed and EMEM containing 10% FBS and a test compound (at a concentration of 20 M) was added to the treatment wells. After a 48-h incubation period, cells were fixed with 10% neutral-buffered formalin for 3 days and cell nuclei were labeled with Hoechst dye. To determine the percentage of In vitro inhibition assay. Confluent monolayers of Vero E6 cells were pretreated overnight with FGI-103 diluted to various concentrations in EMEM containing 10% FBS. FGI-103 was diluted from a 10 mM DMSO stock using a dilution scheme that resulted in a 0.5% DMSO concentration in all treatments. Cells were infected for 1 h at an MOI of 1 with EBOV or MARV diluted in EMEM containing 10% FBS. Excess virus was removed, and medium containing FGI-103 at concentrations equivalent to pretreatment concentrations and 0.5% DMSO was added to the cells, which were then incubated for 48 h. Supernatant was harvested and subjected to a plaque reduction assay using Vero E6 cells. Percent inhibition was calculated as follows: 100 ϫ [1 Ϫ (viral titer of treatment wells/viral titer of negative-control wells)].
Report Documentation Page
In vitro cytotoxicity assay. The 50% cytotoxic concentration (CC 50 ) of FGI-103 was determined for a variety of different cell lines, including MDCK, HEp2, Vero E6, HEK-293T, and A549 cells. Confluent cell monolayers (96-well format) were incubated for 72 h following treatment in triplicate with serially diluted FGI-103 at concentrations of 0.0018 to 320 M. Cytotoxicity was assessed using a CellTiter Glo kit (Promega, Madison, WI) according to the manufacturer's recommended procedure. Luminescence was determined using a Modulus Microplate reader (Turner Biosystems, Sunnyvale, CA).
In vivo filovirus challenge studies. For EBOV experiments, male or female C57BL/6 mice were obtained from the NCI Frederick Cancer Research and Development Center, Frederick, MD. Mice were 8 to 10 weeks of age at the start of each experiment. Animals were housed in microisolator cages and provided autoclaved water and chow ad libitum. Standard treatment groups consisted of 10 mice. Mice were challenged intraperitoneally (i.p.) with 1,000 PFU of mouseadapted EBOV (3) . In all experiments, FGI-103 was administered to mice via i.p. delivery in 0.9% saline solution. Animal health and mortality were recorded twice daily for 14 days. Mice that survived for 14 days following the challenge were deemed to be protected. All EBOV-infected animals were handled in a biosafety level 4 (BSL-4) laboratory at the United States Army Medical Research Institute of Infectious Diseases, which is fully accredited by the Association for Assessment and Accreditation of Laboratory Animal Care International. Research was conducted in compliance with the Animal Welfare Act and other federal statutes and regulations relating to animals and experiments involving animals and adhered to principles stated in the Guide for the Care and Use of Laboratory Animals, National Research Council, 1996.
A mouse-adapted strain of MARV-Ravn was used for in vivo MARV challenge experiments. The adaptation process involved the serial passage of virus obtained from livers of MARV-infected severe combined immunodeficient mice (23), followed by sequential passage in immunocompetent (BALB/c) mice, which adapted the virus for lethality in both BALB/c and C57BL/6 mice (24). For MARV challenge, male or female BALB/c mice aged 8 to 12 weeks (NCI) were infected by i.p. injection with 1,000 PFU of mouse-adapted MARV-Ravn and the health and survival of the mice were monitored for 14 days following infection. Challenge experiments involving MARV were otherwise conducted under conditions similar to those used for mouse EBOV challenges.
Serum biochemistry and cytokines. Serum samples from individual C57BL/6 mice were frozen at Ϫ70°C until all study samples were obtained. Serum samples were analyzed to determine concentrations of alanine aminotransferase (ALT), albumin, alkaline phosphatases (ALP), amylase, aspartate aminotransferase (AST), calcium, creatinine, ␥-glutamyltransferase, glucose, total bilirubin, total protein, blood urea nitrogen, and uric acid using a Piccolo Blood Chemistry Analyzer (Abaxis, Union City, CA).
Cytokine analysis of serum was conducted by using a BD Cytometric Bead Array (BD Biosciences, San Jose, CA), according to the manufacturer's instructions.
Viremia, tissue viral loads, and pathology sampling. To evaluate EBOV burdens in mouse organs, animals were euthanized by CO 2 asphyxiation and kidney, spleen, and liver samples were harvested, weighed, and homogenized in cell culture medium. Homogenized tissues were briefly centrifuged, and the supernatant was stored at Ϫ80°C. Supernatants and serum were subjected to standard plaque assay using Vero cells.
On days 2, 4, 6, and 8 after EBOV infection, tissues were collected from five mice from a vehicle-control group or from the experimental group treated with 10 mg/kg FGI-103 delivered by i.p. administration 24 h following infection. Tissues were exposed to 10% neutral buffered formalin for a minimum of 30 days under BSL-4 containment, after which tissues were embedded in paraffin. For histological analysis, tissue sections were either stained with hematoxylin and eosin for routine light microscopy or treated with EBOV-specific antisera to identify viral antigen within the tissue samples.
Statistical analysis. Statistical analyses of Kaplan-Meier survival curves were performed using GraphPad Prism software (GraphPad Software, Inc., La Jolla, CA). Pairwise comparisons were conducted using Bonferroni adjustment. Twoway analysis of variance was used to statistically characterize cytokine levels, liver enzyme values, and tissue viral loads (conducted using log-transformed data). For all analyses, comparisons were considered statistically significant at P values of Յ0.05.
RESULTS
In vitro activity of FGI-103 against EBOV.
To identify inhibitors of EBOV, a small-molecule library was obtained from the NCI and compounds were screened for antiviral activity against ZEBOV-GFP. This particular EBOV variant was selected based on the high pathogenicity associated with the Zaire species, because a rodent model of ZEBOV infection is well established (3), and because the expression of GFP greatly facilitates the detection of compound hits by high-throughput analysis. Using a ZEBOV-GFP assay, 2-(2-(5-(amino(imino)methyl)-1-benzofuran-2-yl)vinyl)-1H-benzimidazole-5-carboximidamide (molecular mass, 453.5 Da), herein designated FGI-103 (Fig. 1) , was found to inhibit infection in a dose-dependent manner (Fig. 2) .
We considered that ZEBOV-GFP is a recombinant virus and thus confirmed the cell-based efficacy of FGI-103 by using the wild-type virus. Cultured Vero E6 cells were infected with ZEBOV (MOI of 1) in the presence of FGI-103 and incubated for 48 h. The viral titer in culture supernatants was determined using a standard plaque assay. Similar to results obtained for ZEBOV-GFP, FGI-103 exhibited a dose-dependent inhibition of wild-type ZEBOV (Fig. 2) . Viral replication was inhibited by Ͼ90% in all treatments containing Ն0.8 M FGI-103. Based on this evaluation, the half-maximal effective concentration (EC 50 ) was found to be 100 nM (EC 90 of 330 nM). We reasoned that FGI-103 might also demonstrate efficacy against the related SEBOV. Consistent with results obtained for ZEBOV, we observed a dose-dependent inhibition in viral replication assessed using a plaque assay (Fig. 2) . The EC 50 of FGI-103 against SEBOV was calculated as 420 nM (EC 90 of 960 nM).
To rule out the possibility that FGI-103 was toxic to cells, we evaluated the cytotoxicity of the compound by using the Vero E6, HEK-293T, MDCK, A549, and HEp-2 cell lines and human peripheral blood mononuclear cells. In all of these cell types, the CC 50 was calculated to be equivalent to or above 50 M (not shown). Thus, the results generated from these cell- In vitro activity of FGI-103 against MARV. Because related viruses may utilize the same or similar host mechanisms, we asked whether FGI-103 might also demonstrate antiviral activity against MARV. We evaluated the activity of FGI-103 against two strains of MARV-MARV-Ravn and MARVCi67-by using standard virus yield reduction assays with Vero cells. Cells were pretreated with FGI-103 overnight prior to infection. Cells were infected using an MOI of 1, and FGI-103 was again added to the cell culture medium for 48 h. Virus yield in culture supernatants was quantified using standard plaque assays. Treatment with 25 M FGI-103 reduced the yield of MARV-Ravn by Ͼ3 logs, i.e., Ͼ99.9% inhibition (Fig.  2) . We observed a dose-dependent inhibition of viral propagation, with antiviral activity apparent at concentrations of Ͼ2.5 M (calculated EC 50 of 2.5 M). Similar results were obtained from evaluations using MARV-Ci67. Treatment with 10 M FGI-103 inhibited the MARV-Ci67 viral yield by Ͼ90% (CC 50 of 2.5 M). Taken together, these results demonstrate FGI-103 to be a potent inhibitor of filovirus infection, with activity against both EBOV and MARV.
In vivo efficacy of FGI-103 against EBOV. The activity observed in cell-based infection assays was promising but led us to ask if FGI-103 would be effective in animal models of EBOV infection. An evaluation of the acute in vivo toxicity of FGI-103 revealed the 50% lethal dose to be in excess of 200 mg/kg when the compound is delivered by the i.p. route (data not shown). We evaluated the efficacy of FGI-103 by using a mouse-adapted strain of EBOV (3), with which our initial studies focused on a prophylactic administration (compound delivered prior to infection). Groups of 10 C57BL/6 mice were injected via the i.p. route on day 0 (1 h prior to infection) and again on days 2 and 5 postinfection with 10 mg/kg FGI-103. Mice were challenged with 1,000 PFU EBOV 1 h after the first injection and were monitored for disease and survival for 14 days. Consistent with previous investigations with this model, a high degree of mortality (90%) was observed in mice treated with the vehicle (Fig. 3A) . In contrast, treatment with FGI-103 completely protected mice from lethal EBOV infection. Transient overt manifestations of EBOV infection were noted in five of the FGI-103-treated mice beginning on day 8 postinfection, but the remaining five mice in that treatment group remained outwardly healthy throughout the study and all of the mice were observed to be healthy beginning 10 days following EBOV infection.
The ability to prevent lethal EBOV infection in animal models by prophylactic treatment with FGI-103 was remarkable, but we considered that an effective antiviral would also have utility when administered in a therapeutic (postinfection) setting. To model this scenario, FGI-103 (10 or 5 mg/kg) was delivered to mice by i.p. administration 24 h after mice were infected with EBOV. Animal health and mortality were mon-
FIG. 2. Inhibition of EBOV by FGI-103. Inhibition of a recombinant strain of ZEBOV that expresses GFP (ZEBOV-GFP) was assessed by
pretreating Vero E6 cell monolayers with FGI-103 overnight and for 48 h following infection. Viral yield assays using wild-type (WT) ZEBOV, SEBOV, MARV-Ravn, and MARV-Ci67 were similarly conducted by treating cells with FGI-103 both prior to virus infection (MOI of 1) and for 48 h afterward. Supernatant harvested from treatment wells was subjected to a standard viral plaque assay using Vero E6 cells. For all assays, inhibition is expressed relative to medium-only control wells containing equivalent DMSO concentrations. Error bars represent standard deviations associated with four replicates, except for the ZEBOV-GFP assay, which shows results from three replicates.
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at USAMRIID on May 10, 2010 aac.asm.org itored for 14 days. Consistent with the previous findings, animals treated with the vehicle succumbed to the infection (Fig.  3B ). Mice that were treated with a 10-mg/kg dose of FGI-103 were completely protected following a lethal EBOV challenge. A moderate, but statistically significant, level of protection (60% survival) was observed in mice receiving a 5-mg/kg dose of FGI-103. We sought to further examine the therapeutic potential of FGI-103 in postexposure scenarios by delivering a single 10-mg/kg dose of FGI-103 1 to 5 days after mice were infected with EBOV. In this experiment, delaying FGI-103 administration 2 days postinfection or later failed to confer a survival advantage relative to the vehicle treatment (data not shown). Taken together, these studies show that a single dose of FGI-103 can effectively protect against EBOV infection when administered via a therapeutic regimen, although the therapeutic window for efficacious treatment with FGI-103 appears to be less than 48 h postinfection.
In vivo efficacy of FGI-103 against MARV. Based on the observed cell-based antiviral activity of FGI-103 against MARV and the encouraging efficacy results obtained in animal-based EBOV challenge experiments, we sought to evaluate whether FGI-103 would protect mice from a lethal challenge with MARV. Mice were treated i.p. either with 5 or 10 mg/kg FGI-103 or with the vehicle only. Treatments were delivered once, 24 h after the mice were infected with 1,000 PFU mouse-adapted MARV. Consistent with expectations, all of the mice treated with the vehicle control succumbed to the infection by 8 days postinfection (Fig. 4) . In contrast, mice treated with 10 mg/kg FGI-103 were completely protected against the challenge. Delivery of 5 mg/kg FGI-103 protected 40% of the mice from the lethal MARV challenge. These results clearly demonstrate the potential of FGI-103 as a therapeutic agent to prevent MARV infection in a murine model.
Reduction of viral titer, serum chemistry, inflammatory cytokine response, and histopathology. The pathophysiology of EBOV infection in rodent models has been evaluated in detail and is characterized by viral propagation in the liver, spleen, and kidneys and systemic elaboration of inflammatory cytokines (3, 14) . To address this complex set of outcomes, we evaluated the influence of FGI-103 on each of these parameters. Based on compelling evidence that a single dose of FGI-103, administered 1 day postinfection, protects animals from EBOV challenge, this particular experimental protocol was utilized. In addition to the monitoring of overall survival, tissue and serum samples were collected at multiple times postinfection to measure viral burdens, cytokine elaboration, and clinical pathology markers of liver function. In particular, blood chemistry analyses monitored the release of the ALT, AST, and ALP enzymes into serum as an index to EBOV pathoge- nicity. Additionally, multiple organs were preserved for histological examination. Consistent with the aforementioned studies, assessments of overall survival demonstrated that FGI-103 protected animals from an otherwise lethal challenge. Whereas all but one animal that received FGI-103 survived throughout the study (at least 14 days), none of the animals treated with the vehicle survived for more than 8 days postinfection. This outcome provided a foundation to ask what parameters might relate to survival as an outcome. Using the serum and tissue samples harvested at specified time points after infection, the EBOV burden was determined by using standard plaque assays. These studies detected EBOV in vital organs (kidneys, liver, and spleen) and in serum within 2 days in vehicle-treated control animals (Fig.  5A) . In control animals, the levels of EBOV steadily increased throughout the study in all organs until the time of death. FGI-103 treatment delayed the time at which EBOV was detected, and while the viral burden increased over time in FGI-103-treated mice, the levels were often reduced by 1 to 2 logs (10-to 100-fold) compared with those in control animals. In FGI-103-treated animals, the viral burden peaked 6 days after infection and decreased thereafter, which is consistent with resolution of the disease in the FGI-103-treated survivors.
We then evaluated pathophysiological parameters to identify potential markers of FGI-103 efficacy. It is generally understood that filovirus infection triggers an inflammatory cascade, known as a cytokine storm, which is thought to contribute substantially to the morbidity and mortality of EBOV infection. Therefore, we evaluated the circulating levels of a panel of inflammatory cytokines, with particular emphasis upon monocyte chemoattractant protein 1 (MCP-1), tumor necrosis factor ␣ (TNF-␣), and interleukin-6 (IL-6), secreted factors to which prominent roles in EBOV pathology have been attributed (10, 14) . In vehicle-treated controls, high levels of MCP-1 and IL-6 levels were observed 2 to 3 days prior to death (Fig. 5B) . In contrast, the levels of these cytokines were markedly lower in FGI-103-treated animals and never achieved the levels observed in vehicletreated animals.
High levels of inflammatory cytokines can harm vital organs, including the liver and kidneys. Therefore, we asked if markers of liver toxicology might convey information about FGI-103 efficacy. Indeed, high levels of all three liver markers (ALT, ALP, and AST) were observed in vehicle-treated controls on day 6, just prior to the onset of EBOV-mediated death (Table  1 ). In contrast, the levels of these markers in FGI-103-treated subjects remained at comparatively low levels at this time. While a transient elevation of mean serum ALT and AST values was observed in FGI-103-treated mice (n ϭ 5) at day 2 postinfection (24 h following compound administration), it is important to note that elevated enzyme levels were noted in only one animal and that normal enzyme levels were observed in the remaining four FGI-103-treated mice sampled at that time point.
Histopathological examination of tissues from vehicletreated mice revealed mild hepatitis with hepatocellular necrosis in the liver and lymphocytolysis in the spleen, conditions consistent with EBOV infection, at 4 days postinfection in both vehicle-and FGI-103-treated mice (not shown). These conditions had increased in severity in vehicle-treated mice by 6 days postinfection but remained mild in mice treated with FGI-103 ( Fig. 5C and D) . Viral antigen was prevalent in liver and spleen tissues from vehicle-treated mice at 6 days postinfection, while the presence of viral antigen in liver and spleen tissues from FGI-103-treated mice was confined primarily to Kupffer cells in the liver and to the periphery of lymphatic nodules in the spleen (Fig. 5E to H) . These results corroborate the viral titers in the spleen and liver, which showed a reduction in viral burden in these tissues in mice treated with FGI-103.
DISCUSSION
We used a recombinant, GFP-expressing strain of EBOV to conduct a high-throughput screen of nonpeptidic small-mole- We have shown previously that EBOV utilizes the host vacuolar protein sorting (vps) machinery in general for efficient budding (17, 18) . A component of the vps system, TSG101, has been shown to be involved with both EBOV (15, 17)-and MARV (22)-derived VP40 to mediate viral budding and release. Recently, a broad-spectrum small-molecule inhibitor of EBOV, FGI-104, has been described, and TSG101 was reported as a possible molecular target (11) . To ask if TSG101 might be targeted by FGI-103, the interaction of EBOV VP40 and TSG101 was modeled using a solid-phase assay in which His-tagged TSG101 was immobilized on enzyme-linked immunosorbent assay plates via an anti-His tag. These analyses indicate that FGI-103 does not interfere with TSG101-VP40 binding (not shown). Investigations are currently ongoing to determine if FGI-103 interferes with virion egress from infected cells in a manner independent of TSG-101.
An alternative explanation for the observed potency of FGI-103 is that the drug achieves concentrations that inhibit, or alter the functionality of, cells that are initially infected by and disseminate filoviruses. Investigations of Gibb et al. (9) have shown that mouse-adapted ZEBOV initially (at day 2 postinfection) infects and replicates in macrophage/monocyte cells of lymph nodes, and by day 3 postinfection, large numbers of monocytes and macrophages, as well as hepatocytes, are infected. It is thus conceivable that FGI-103 alters the functionality of macrophages or monocytes to create conditions inhospitable for viral replication and spread during the initial days of infection. Viral titer data from FGI-103-treated infected mice demonstrate that viral replication is reduced as early as day 2 postinfection, within 24 h following compound administration (Fig. 5A) . Perhaps this delay in viral replication tips the balance in favor of the host by providing time for the development of antigen-specific immunogenic responses, which would normally become overwhelmed by unabated viral replication in untreated hosts. We have observed that serum levels of TNF-␣, which is primarily produced by macrophages, are reduced in mice treated with FGI-103 (Fig. 5B) , perhaps indicating suppressed macrophage functionality. However, it is also possible that the reduced severity of infection conferred by macrophage-independent mechanisms in FGI-103-treated mice results in lower TNF-␣ secretion by macrophages. Further studies are required to determine whether FGI-103 alters the function of macrophages or monocytes.
Although FGI-103 has shown potent antiviral activity against EBOV and MARV, we cannot exclude the possibility that additional, as-yet-unrecognized, mechanisms-such as stimulation of innate immunogenic responses-contribute to the efficacy of this compound. Bray et al. reported that administration of the adenosine analog 3-deazaneplanocin A protects mice against a lethal challenge with mouse-adapted ZEBOV following a single 1-mg/kg dose by inducing a massive alpha interferon (IFN-␣) response in EBOV-infected cells (4, 5) . Interestingly, 3-deazaneplanocin A induced a poor type I IFN response in uninfected cells and in mice that had not been infected with ZEBOV. Our investigations have shown no evidence that uninfected human peripheral blood mononuclear cells produce IFN-␣ in response to FGI-103 (not shown). A finding that FGI-103 induces a type I IFN response in filovirusinfected cells would help explain its efficacy but would suggest that its antiviral activity is exerted by a separate mechanism in assays containing Vero cells, which have impaired IFN production capability (8) . Whether FGI-103 induces the production of other antiviral cytokines remains to be investigated.
We recently reported the discovery of a small-molecular antiviral compound, FGI-106, which, similar to FGI-103, also provides a high degree of protection to mice in an EBOV infection model following the delivery of a single dose (1) . Additionally, protective efficacy against EBOV in mice has been described for a third small molecule, FGI-104 (11). Despite their similar efficacy profiles, it is important to emphasize that the chemical structures of these compounds are distinct. While the broad-spectrum antiviral activity of FGI-104 and FGI-106 has been documented, our studies demonstrating efficacy of FGI-103 against both EBOV and MARV in infected mice have produced novel findings.
Recent findings that EBOV-Reston infects pigs and has potentially infected humans in the Philippines (2, 16) suggest that filoviruses may be more widespread than has been recognized and further highlight the urgent need for the development of effective therapeutics to combat filovirus disease. Our current research efforts aim to characterize and develop FGI-103 to determine optimal delivery formulations and routes of administration; fully characterize the pharmacokinetic, pharmacodynamic, and toxicological properties of FGI-103; and assess its mechanism of antiviral activity in murine and nonhuman primate models in order to find effective approaches to therapeutic intervention during human filovirus infections.
